
Page 1 of 2e x p o n e n t i a l . R
Printed: Monday, June 5, 2006 5:19:05 PM

# Maximum Likelihood Estimation for the Exponential Distribution

# 

# ADM 6/5/2006



# simulate some fake data

lambda <- 2

n <- 1000

y <- rexp(n, 1/lambda)



# log-likelihood function

log.likelihood <- function(lambda, data) {

  contributions <-  dexp(data, 1/lambda, log=TRUE)

  return(sum(contributions))

}



# plot log-likelihood

ruler <- seq(1,3,0.01)

ll <- sapply(ruler, log.likelihood, data=y)

pdf(file="exponential.pdf", width=11, height=8.5)

plot(ruler, ll, type="l", lwd=2, col="red", 

   xlab="lambda", ylab="L(lambda)",

   main="Log-Likelihood for Exponential Distribution")

dev.off()



# numerically optimize using optim()

mle <- optim(c(1),

   log.likelihood,              # the likelihood function   

   method="BFGS",               # optimization method

   hessian=TRUE,                # return numerical Hessian

   control=list(fnscale=-1),    # maximize function instead of minimize  

   data=y)                      # the data

cat("@@@@@ MLE Summary for Exponential Example @@@@@ \n",

    "MLE of lambda (numerical) = ", mle$par,

    "\n Standard Error (numerical) = ", sqrt(-1 * 1/mle$hessian), "\n")

cat("\n MLE of lambda (analytic) = ", mean(y),

    "\n Standard Error (analytic) = ", sqrt(mean(y)^2 / n), "\n")

cat("\n")



# Monte Carolo analysis of coverage properties

G <- 5000

cover <- matrix(NA, G, 1)

for(g in 1:G) {

   y <- rexp(n, 1/lambda)

   mle <- mean(y)

   se <- sqrt(mean(y)^2 / n)

   if(lambda > mle-1.96*se & lambda < mle+1.96*se) cover[g] <- 1

   else cover[g] <- 0

}
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cat(" Covered", sum(cover), "out of", G, "trials.\n")

cat(" Coverage Rate:", sum(cover)/G, "\n\n")
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adm@ichiro R> source("exponential.R")

@@@@@ MLE Summary for Exponential Example @@@@@ 

 MLE of lambda (numerical) =  2.059412 

 Standard Error (numerical) =  0.06512429 



 MLE of lambda (analytic) =  2.059412 

 Standard Error (analytic) =  0.06512433 



 Covered 4783 out of 5000 trials.

 Coverage Rate: 0.9566 



Warning messages:

1: NaNs produced in: dexp(x, 1/rate, log) 

2: NaNs produced in: dexp(x, 1/rate, log) 

adm@ichiro R> 
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# Maximum Likelihood Estimation for Linear Regression Model

#

# ADM 6/5/2006



library(mvtnorm)



regression.loglikelihood <- function(parameters, Y, X) {



   # inputs:

   #

   #   parameters -- beta followed by ln(sigma2)

   #   Y -- (n x 1) matrix Y

   #   X -- (n x k) matrix X (with or without a constant)

   #

   # output:

   #

   #   the evaluated log-likelihood

   

   Y <- as.matrix(Y)

   X <- as.matrix(X) 



   # extract parameters

   k <- ncol(X)

   n <- nrow(X)

   beta <- as.matrix(parameters[1:k])

   lnsigma2 <- as.double(parameters[k+1])

   

   # compute the log-likelihood by evaluating the multivariate

   # Normal density once

   mu <- X %*% beta

   sigma <- exp(lnsigma2) * diag(n)

   output <- dmvnorm(t(Y), mu, sigma, log=TRUE)



   return(output)

}



# Data [BUGS Lines Data]

X <- cbind(1,c(1,2,3,4,5))

Y <- as.matrix(c(1,3,3,3,5))



# Fit Model Using OLS

ols <- lm(Y~X-1)

print(summary(ols))



# Fit Model Using ML

mle <- optim(c(4,3,2),

   regression.loglikelihood,

   hessian=TRUE,
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   control=list(fnscale=-1),

   method="BFGS",

   Y=Y, X=X)

cat("MLE Betas\n", mle$par[1:2], "\n")

cat("MLE Sigma\n", sqrt(exp(mle$par[3])), "\n\n")

cat("Hessian\n")

print(mle$hessian)

cat("\nMLE Standard Errors \n",

   sqrt(diag(solve(-1 * mle$hessian))), "\n\n")





